Boiling heat transfer enhancement is efficient for development of a cold plate used in a two-phase flow loop type thermal control system. This study deals with boiling heat transfer enhancement for a narrow channel by thermal spray coating of metal. Copper particles were coated on the heating surface by vacuum plasma spraying. Two kinds of surface were manufactured using different particle size, about 200 and 50 μm. The heat transfer performance was evaluated in saturated flow boiling experiments of HCFC123 for ranges of mass flux of 100 to 400 kg/(m 2 ･s), inlet quality of 0 to 0.60, and heat flux of 25 to 251 kW/m 2 . The test channel with the width of 20 mm, and heated length of 100 mm was placed horizontally. The lower side of heating area was heated by cartridge heaters through a copper block. The channel gap was set to 2 and 4 mm. As the result, the coating surface produced higher heat transfer coefficient than the smooth surface, especially, the heat transfer performance of the surface using finer particle was higher and was about 5 to 10 times higher than that of the smooth surface. While the effect of gaps on the heat transfer coefficient was a little, the critical heat flux increased with increasing the channel gap. Critical heat flux was increased a little by thermal spray coating.
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Introduction
Higher performance cooling device is required for temperature control of electronic devices and equipments, such as CPU, MPU, and so on. Such cooling device is also required in a space development as a cold plate in the two-phase flow loop thermal control system in order to realize the large-scale space station and space solar power systems (SSPS). The requirements on heat transfer performance of cold plate are reduction of temperature difference in heat transfer by heat transfer enhancement, increase in critical heat flux, and improvement in responsibility when an electronic device starts operation.
One important aspect of improved boiling heat transfer is to increase the number of active nucleation sites for a given wall superheat or heat flux, and another is to improve the departure of vapor bubbles from the heating surface. Porous structure on heat transfer surface is considered to be effective, and some methods have been developed at commercial scale. Examples are the GEWA tubes produced by Wieland Werke AG and Thermoexel tubes by Hitachi Cable, Ltd. with re-entrant cavities manufactured by a mechanical process, and High Flux tubes produced by Union Carbide with porous structure made by sintering and thermal spraying. A good overview on heat transfer enhancement techniques is given by Webb, R. L. 1) . Nishikawa, K., et al. 2) had studied in detail on boiling heat transfer characteristics on porous layer made by sintering metal particles, and it was shown that the optimum ratio of coating thickness to particle diameter existed. Generally, such heat transfer enhancement surface is very effective for bubble nucleation at low heat flux, however the heat transfer enhancement becomes weak at high heat flux. The deterioration in heat transfer might be caused by a partial dry-out in the cavities in the cavities of, for example, porous layer.
This study deals with heat transfer enhancement surface manufactured by thermal spraying. The authors had carried out pool boiling experiments for some thermal spray coated cylinders. In the paper by Asano, H. et al. 3) , it was shown from experimental results that such deterioration in heat transfer was not observed in the entire range of heat flux with nucleate boiling. Especially, the enhancement heat transfer by the thermal spray coating was kept at high heat flux near the CHF. The fact might mean that the cavities on the coating lead high wettability. The authors also had tested these heat transfer surfaces in pool boiling experiments under microgravity condition during a parabolic trajectory flight of airplane (Asano, H., et al. 4) ). The measured heat transfer coefficients are shown in Fig. 1 with those under normal gravity. It was confirmed that heat transfer enhancement by thermal spray coating could be obtained also under microgravity.
In this paper, such heat transfer enhancement surface was applied to a horizontal narrow channel cold plate. Ohta, H., et al. 5) proposed a new type of narrow channel cold plate with a sub channel for liquid supply to the whole heat transfer surface in order to increase the critical heat flux. Our purpose is to improve in the heat transfer performance, such as enhancement of heat transfer coefficient and decrease in wall superheat at incipient boiling. The effects of channel gap and operating condition, such as mass flux, heat flux, and quality, were examined. 
Experimental apparatus and method
A schematic diagram of experimental apparatus is shown in Fig.2 . HCFC-123 was used as the working fluid. Liquid in a reservoir was fed to a pre-heater by a gear pump. At the pre-heater, sheath heater was coiled and solder-mounted on the outer surface of an aluminum tube. Inlet quality was maintained by heat input at the pre-heater. Working fluid with an inlet condition of mass flux, G, and quality, x, was flowing into the narrow channel test section. Two-phase mixture from the test section was condensed in a single channel plate heat exchanger by cooling, and returned to the reservoir. 
AC power supply
The detail of the test section is shown in Fig.3 . The test section was made of SUS plates. The channel with the width of 20 mm and length of 300 mm was manufactured on a plate, and a heating section of the cover plate was replaced by a copper block as a heating surface in the range of 100 mm in length at the center of the channel. The copper block was heated by two cartridge heaters. Uniformity of heat flux on the surface had been checked by numerical analysis of thermal conduction. The wall temperature was measured by 9 sheathed thermocouples with a diameter of 0.5 mm inserted in thin holes. The measuring points were set at equal intervals 3 mm below the surface of the base material. Heat transfer coefficient was defined using the heat flux and temperature difference between fluid and heating surface. The wall temperature was corrected by using the equation of heat conduction from measured value. The fluid temperature was considered as saturation temperature corresponding to the pressure. The pressure was obtained by linear interpolation between measured inlet and exit pressure of the test section.
Three kinds of heat transfer surface including a smooth In this experiment, pressure of the reservoir was maintained at the atmospheric pressure. Boiling point of HCFC-123 at the atmospheric pressure is 27.8 ℃ . Experiments were carried out for ranges of mass flux of 100 to 400 kg/(m 2 s), inlet quality of 0 to 0.60, and heat flux of 25 to 251 kW/m 2 .
Experimental results and discussion

Steady heat transfer characteristics
Experimental procedure was as the follows. First, the inlet condition was set to saturated liquid without heating. Then, heating was started with a set heat flux by a step input. After data acquisition under stable condition, inlet quality was increased to the next condition with the same heat flux. Before setting the next heat flux condition, heating was stopped, and subcooled liquid was supplied to extinguish bubble site on the heating surface. For the smooth surface with the mass flux of 200 kg/(m 2 ･s), burnout occurred at the heat flux of 158 kW/m 2 . For the higher heat flux of 79 and 126 kW/m 2 , the effect of thermal equilibrium quality on the heat transfer coefficient was a little, and heat transfer coefficient increased with increasing heat flux. Therefore, it can be said that the heat transfer might be dominated by nucleate boiling heat transfer. On the other hand, for the lower heat flux of 25 kW/m 2 , it could be seen that the heat transfer coefficient increased with increasing quality. In this case, the heat transfer was dominated by two-phase forced convective heat transfer. It can be estimated that bubble site density might be low at the low heat flux. With an increase of mass flux, critical heat flux at which burnout occurred increased. However, increase in heat transfer was a little.
For Surface A with the mass flux of 200 kg/(m 2 ･s), burnout occurred at the heat flux of 200 kW/m 2 . The value was higher than that for the smooth surface. However, deterioration in heat transfer coefficient was observed at the heat flux of 158 kW/m 2 and quality over 0.65. The Ph_38 reason might be on dryout of the heating surface. Since the heat transfer coefficient in the deterioration region was almost equal or higher than that for smooth surface, the dryout might be partial or intermittent. Heat transfer uid w along the both sides, and void low wall superheat at the onset of boiling, lo might exist for the maximum heat trans coefficients for Surface A were 2 to 3 times higher than that for the smooth surface.
For Surface B, heat transfer coefficient became quite higher. A trend on the effect of heat flux and quality on heat transfer coefficient was almost the same as that for Surface A. Deterioration in heat transfer coefficient due to dryout became pronounced. Dryout was observed in the experimental range of heat flux over 200 kW/m 2 . The reason might be on boiling behavior on the heating surface. Though Surface B with finer structure of coating could enhance heat transfer performance by increasing bubble site density, the increase in bubble site density might lead to an increase in void fraction near the heating surface. Therefore, dryout might easily occur. The reason that dryout occurred partially and intermittently is on phase distribution of two-phase flow. That is to say, for gas-liquid two-phase flow in a flat narrow channel, liq phase may tend to flo fraction along the center may become high like as an annular flow. Figures 6 (a) to (c) show local heat transfer coefficient for the channel gap of 4 mm. In this experiment, channel gap was enlarged with a fixed mass flow rate. So, mass flux decreased by half by expanding the gap from 2 to 4 mm. The tendency was almost the same with results for δ c =2 mm. For Surface B, heat transfer coefficients for q = 25 kW/m 2 was quite low at the lowest and medium mass flux. The reason might be on onset of boiling and hysteresis in heating procedure. Though Surface B produce quite w superheat might not be able to produce enough bubble site density.
Heat transfer enhancement factor to the smooth surface were calculated and plotted in Figs. 7. For heat fluxes larger than 158 kW/m 2 with mass flux of 200 kg/(m 2 ･s), since heat transfer coefficient for the smooth surface could not be measured due to burnout, enhancement factors could not be obtained. For Surface B, maximum heat transfer enhancement factor of 11 could be achieved. The effect of heat flux on enhancement factor was a little for Surface A. On the other hand, for Surface B, the optimal heat flux fer enhancement might exists due to the occurrence of dryout.
Heat transfer enhancement factor to the smooth surface for the channel gap of 4 mm were plotted in Figs. 8. For high mass flow rate, the effect of channel gap on enhancement factor was little. Because the heat transfer on narrow channel surface was dominated by nucleate boiling heat transfer. It can be said that decrease in 
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pressure loss by an enlargement of channel gap might be ffective from the viewpoint of a decrease in pumping itical heat flux as the following equation. In the case that inlet condition is saturated liquid, for low velocity region, e power.
Critical heat flux
From a non-boiling condition with a fixed mass flux, heat flux was increased in a stepwise manner, and critical heat flux was measured. The maximum heat flux in which steady state was established without severe temperature rise was measured as critical heat flux. The inlet condition was maintained at saturated liquid. Measured results are shown in Fig. 9 with curves by Katto's equation 6) for a circular tube. Katto, Y., et al., proposed non-dimensional correlation for cr lues are 20 % higher than those for the smooth surface.
obtained results are as follows.
Boiling heat transfer in the narrow channel was dominated by nucle experimental range.
Heat transfer coefficient could be improved from that of smooth surface by thermal splay coating. Surface B coated with finer copper particle produced th heat transfer enhancement factor of about 11. Effect of the channel gap o was little for each surface. For Surface B, partial dry-out was observed at lower heat flux than the other surface. However, critical heat flux for Surface B was the highest in this experimental condition. The va Ph_41
